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(54) IMPACT MACHINE 

(57) The invention provides an impacting device 
capable ot crushing or drilling work with reduced noise 
or vibration, with higlfi crushing efficiency, high energy 
effk:lency, increased output and prolonged durability 

A super magnetostrictive material (1 ) is arranged in 
the center of an exciting coll (4) to which a pulse voltage 
is applied, a rod (1 2) is arranged in tight contact with the 



front end of the super magnetostrictive material (1), a 
reaction-receiving plate (3) is provided in tight contact 
with the other end of the super magnetostrictive mate- 
rial (1), and a power unit (6) is provided for repeatedly 
applying a pulse voltage to the exciting coil (4). 
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Description 
TECHNICAL FIELD: 

[0001] The present invention relates to an impact- 
ing device that utilizes an impact action produced by 
magnetostriction. 

BACKGROUND ART: 

[0002] Heretofore, in impact machines, such as a 
breaker for crushing concrete or a rock with impacts or 
a drill for drilling a rock with impacts, the impacting 
device for imparting impacts to the impact-transmitting 
tool, a chisel or a rod, for example, has used blows of a 
piston operated by hydraulic or pneumatic force. 
[0003] However, In the Impacting device such as 
this, a shock wave (a stress wave, namely, an elastic 
strain wave) occurs in the impact-transmitting tool, as a 
result of a blow of the piston, and this shock wave trav- 
els toward an object, whbh is thereby crushed and 
therefore the sound of a blow and the reaction and 
vibration resulting from acceleratk>n of the piston have 
been unavoidable. 

[0004] When a shock wave is produced, It is neces- 
sary to follow a series of processes: electric energy is 
changed Into mechanical energy by a motor, the 
mechanical energy is changed Into kinetic energy of the 
piston by a hydraulic pump, for example, and the kinetic 
energy is changed into strain energy of the impact- 
transmitting tool by a blow of the piston, thus producing 
a shock wave. The energy efficiency has not been so 
high. 

[0005] To make the piston having a large inertial 
resistance reciprocate at high speed, the accelerating 
force by hydraulic or pneumatic pressure has not been 
sufTident and there is a limit to increasing the number of 
blows, so that it has been not easy to increase output 
[0006] It has been known that there is the best 
wavefonn of a shock wave adequate for the crushing 
characteristics (penetration resistance) of each object 
Unless the wavefonn of the Shockwave is adequate, the 
impact-transmitting tool, is unable to attain sufficient 
penetration into the object, reducing the crushing effi- 
ciency and increasing reflection of the shock wave from 
the object, which partly contributes to increasing the 
reaction to the impacting device and reducing the dura- 
bility of the impact machine. To control the wavefonn of 
a shock wave, measures have been taken, such as 
changing the shape of the piston to suit an object but 
the changing the piston shape is troublesome indeed. 

DISCLOSURE OF THE INVENTION 

[0007] The present invention has been made to 
solve the above problems and has as its object to pro- 
vide an impacting device for crushing and drilling with 
low noise and vibration, which features high crushing 



efficiency, improved energy efficiency, high output and 
prolonged durability. 

[0008] In the impacting device according to the 
present invention, the above problems have been 

5 solved by arranging a super magnetostrict'ive material in 
the center of the exciting coil to which a pulse voltage is 
applied, arranging an impact transmitting tool in contact 
with the front end of the super magnetostrictive mate- 
rial, and placing a reaction-receiving plate in contact 

10 with the other end of the super magnetostrictive mate- 
rial. 

[0009] Magnetostriction is a phenomenon that the 
outside diameter dimension of a ferromagnetic body, 
such as iron, changes when it is magnetized. In contrast 

15 to strain of magnetic metals, such as this, is no more 
than 10*^ to 10*®, magnetostrictive materials exhibit 
strain on the order of 10"^ by magnetostriction. 
[0010] In tills impacting device, a pulse voltage is 
applied to an exciting coil, and by an exciting current 

20 flowing in the exciting coil, the super magnetostrictive 
material is given changes of magnetic field so that the 
super magnetostrictive material produces such magne- 
tostriction as to give a desired Impact waveform. The 
impacting device transmits the shock wave through the 

25 Impact-transmitting tool to an object, which is thereby 
crushed. 

[0011] The impacting device according to the 
present Invention converts electric energy directly into 
strain energy and therefore has a high energy efficiency 

30 ratio. And, because it does not require hydraulic equip- 
ment, hydraulic piping and compficated mechanical 
devkses, such as a hydraulic striking mechanism, this 
impacting device makes it possible to simplify the 
impact machine. 

35 [0012] To make the impact-transmitting tool pene- 
trate into an object, such as a rock, with energy of a 
shock wave, it is necessary to maintain the displace- 
ment speed higher than a certain speed and longerthan 
a certain period of time. Objects of rock and stone to be 

40 crushed are diverse In physical properties and therefore 
they have various levels of penetration resistance. To 
ensure an amount of penetration greater than a certain 
value and to limit required power to a certain value or 
less, based on the facts that strain by magnetostriction 

45 IS proportional to the strength of a magnetic field, 
namely, the magnitude of an exciting cun-ent and that 
the temporal change rate of strain is equal to displace- 
ment speed, a pulse voltage is repeatedly applied to the 
exciting coil such that the exciting curent of the exciting 

so coil increases with passage of a voltage-applied time 
and after reaching a desired maximum value, suddenly 
drops to zero. Consequently, the super magnetostrictive 
material reaches desired displacement and displace- 
ment speed in its deformation by magnetostriction. The 

55 pulse width at this time is suitably selected from a range 
of several tens of \is up to several hundreds of \is, while 
the pulse interval is suitably selected from a range of 
several ms up to several hundreds of ms. 
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[001 3] When carrying out penetration of the impact- 
transmitting tool, the leading end of it is preferably in 
contact with an object. If the leading end of the impact- 
transmitting tool is not in contact with the object, the 
shock wave retums as a tensile stress wave through the 5 
impact-transmitting tool, making it impossible to effec- 
tively transmit energy to the object For this reason, It is 
necessary to have the whole impact-transmitting tool 
statically pressed against the object 
[0014] If a pulse voltage is applied to the exciting 10 
coil such that the exciting cun^nt of the exciting coil 
increases with passage of the voltage-applied time, and 
after reaching a desired maximum value, maintains the 
maximum value for a specified time, so long as the 
exdting current maintains a fixed value, the super mag- is 
netostrictive material is prolonged and the impact-trans- 
mitting tool can be pressed against the object The time 
for maintaining the exciting cun-ent at a fixed value is 
suitably selected from a range less than several tens of 
ms. 20 
[0015] To make effective use of a shock wave for 
penetration work of the impact-transmitting tool Into the 
object, it is importance to minimize the occurrence of 
reflected waves. 

[0016] If a pulse voltage Is applied to the exciting 25 
coll such that the exciting cun^nt of the exciting coil 
increases in proportion to an elapsed time squared or 
approximately as a logarithmic function during passage 
of a voltage-applied time from the initial value to the 
maximum value, tiien the occurrence of reflected waves so 
can be reduced. 

[0017] If a detection coll is provided adjacent to the 
exciting coil and if. on arrival of a reflected wave at the 
super magnetostrictive material from the impact-trans- 
mitting tool, changes in the current or voltage produced 3S 
by magnetostriction are measured by the detection coil 
and the waveform of the reflected wave is detected by a 
detection unit and the magnitude of an incident wave in 
the penetration process of the impact-tansmitting toot 
Into the object Is adjusted according to the reflected 40 
wave, then the oocun^ence of reflected waves can be 
reduced, which makes It possible to improve the pene- 
tration efficiency and decrease vibration and reaction. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0018] 



45 



Fig. 1 is a schematic illustration of a breaker using 
an impacting device according to an embodiment of so 
the present invention; 

Rg. 2 Is a schematic illustration of a breaker having 
a detection unit of reflected waves according to 
another embodiment of the present invention; 
Fig. 3 Is a schematte Illustration of a drill using an 55 
Impacting device according to a further embodi- 
ment of the present invention; 
Rg. 4 is a graph showing a relation between pene- 



tration amount and penetration force; 

Rg. 5 is a graph showing a waveform of an incident 

wave; 

Rg. 6 is a graph showing an exannple of waveform 
of an exciting current; 

Rg. 7 is a graph showing another example of wave- 
fonn of an exciting cun'ent; 

Rg. 8 is a graph showing yet another example of 
waveform of an exciting current; 
Rg. 9 is a still further example of waveform of an 
exciting current; and 

Rg. 10 is a block diagram of a special waveform 
output power supply. 

BEST MODE FOR CARRYING OUT THE IISIVENTION 

[0019] Rg. 1 Is a schematte illustration of a breaker 
using an impacting device according to an embodiment 
of the present invention. Fig. 2 is a schematic illustration 
of a breaker having a detection unit of reflected waves 
according to another embodiment of the present inven- 
tion. Rg. 3 Is a schematic Illustration of a drill using an 
impacting device according to a further embodiment of 
the present invention. 

[0020] In a breaker B In Rg. 1, a super magneto- 
strictive material 1 is arranged in the center of an excit- 
ing coll 4 provided in a casing 5, a chisel 2 as an impact- 
transmitting tool is arranged in contact with the front end 
of the super magnetostrictive material 1 , and a reaction- 
receiving plate 3 is placed in contact with the other end 
of the super magnetostrictive material 1. 
in crushing woric, the breaker B is given a thrust T by a 
thrust unit (not shown), the tip of the chisel 3 is pressed 
against an object 7, and a power unit 6 applies a pulse 
voltage to the super magnetostrictive material 1 . 
[0021] When a pulse voltage is applied to the excit- 
ing coil 4, the super magnetostrictive material 1 Is given 
changes in magnetic field by an exciting current flowing 
through the exciting coil 4, and such magnetostriction 
occurs as produces a desired impact waveform. The 
shock wave Is transmitted to the object 7 through the 
chisel 2 placed In contact witii the front end of the super 
magnetostrictive material 1 , and the object is crushed 
by the shock wave. 

[0022] As the thrust unit, any of those types which 
have been used with the conventional impact machine, 
such as a gravity, hydraulic, pneumatic, mechanical or 
manual type, can be used. To protect the super magne- 
tostrictive material 1 , it is preferable to install an non 
contact striking preventive means that turns on or off the 
power unit 6 by detecting the thrust of the thrust unit 
[0023] In a breaker B In Rg. 2, a detection coll 8 Is 
provided between the super magnetostrictive material 1 
and the exciting coil 4. and the detection unit 9 detects 
the waveform of a reflected wave by measuring 
changes in a current or a voltage generated by magne- 
tostriction with the detection coil 8 when the reflected 
wave coming from the chisel 2 anrives at the super mag- 
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netostrictive material 1 . The other components of this 
breaker are the same as those of the breaker in Rg. 1 . 
[0024] In a drill D in Rg. 3, a super magnetostrictive 
material 1 is arranged In the center of an exciting coil 4 
provided in a casing 5, and a rod 12 as the impact-trans- 
mitting tool is arranged in contact with the front end of 
the super magnetostrictive material 1. A bit 13 is 
attached to the leading end of the rod 12. The drill D Is 
equipped with a rotating unit 1 1 and a flushing unit 15, 
the rod 12 is rotated by the rotating unit 11 and the 
flushing unit 15 supplies a fluid for ejecting cuttings. 
[0025] The operation of the impacting device will be 
described by referring to the drill D in Rg. 3. 
[0026] Magnetostriction is a phenomenon that the 
outside diameter dimension of a ferromagnetic body, 
such as iron, changes when it is magnetized. In contrast 
to magnetic metals, such as this, which show strain of 
no more than 10"^ to 10"®, magnetostrictive materials 
exhibit strain on the order of 10"^ by magnetostriction. 
[0027] The super magnetostrictive material 1 
undergoes magnetostriction and serves as a piston to 
strike the rod 1 2 and generates a shock wave. 
[0028] When the rod 12 is sufficiently longer than 
the piston, the total kinetic energy of the piston is trans- 
mitted as a shock wave to the rod 12. The magnitude a 
(stress) of a shock wave produced at this time is given 
by a - (E/C)v where Young's modulus of the material of 
the rod 12 is denoted as E, the speed of a shock wave 
that travels in the rod, namely, the speed of sound is 
denoted as C and the speed of displacement of the end 
face of the rod by a blow is denoted as v. 
[0029] With ordinary drills, the magnitude of a is 
about 200MPa from the durability of the rod and strain is 
about 10-^ 

[0030] if the sectional area of the rod 1 2 is denoted 
as A, the load f of the rod 12 by this shock stress a is 
expressed by f = aA=: (AE/C)v. (AE/C) is called spe- 
cific impedance of the rod and if this specific impedance 
is denoted as 2, the f can be expressed as f Zv . In 
other words, the load f of the rod 12 is the product of the 
specific impedance Z Intrinsic to the rod and the dis- 
placement speed V of the rod. The shock energy to be 
transmitted to the rod 12 is not completely imparted to 
the rod but part of the shock energy is lost by reflection 
that invariably occurs where the specific impedance Z 
changes. 

[0031] The reflectance R of this reflection is 
expressed by R = AZ/£Z by using a difference AZ and 
sum TZ of the specific impedances Z before and after 
the plane of reflection. The behavior of the shock wave 
that has amved at the leading end of the rod 1 2 is as fol- 
lows. When the btt 13 does not contact anything and 
remains a free end, because the specific impedance Z 
of the object is 0, the load at the leading end Is 0, so 
R = (0-Z)/(04-Z) = -1 . The shock energy is not transmit- 
ted to the object at all. If the shock wave is a compres- 
sive stress wave, R = -1 and the sign is changed and the 
shock energy is reflected 100% as a tensile stress 



wave. 

[0032] On the other hand, when the bit 1 3 is in con- 
tact with an object without any deformation at all and 
forms a fixed end, the reflectance R =(oo-Z)/(oo+Z)= +1 . 

5 Because the displacement of the leading end of the bit 
13 is 0, no energy is transmitted to the object at all, and 
the load at the leading end is twice as much as f by 
mutual superposition of an incident wave and a 
reflected wave, namely, 2f. Because R = +l at this time, 

10 a compressive stress wave is reflected 1 00% as a com- 
pressive stress wave. 

[0033] It has been known that as the whole bit 1 3 is 
made to penetrate into an object to be crushed, such as 
a rock with a static thrust, a fixed relation F = 4> (u) is 

15 maintained between penetration amount u and penetra- 
tion force F as shown in Rg. 4 and that also when a 
dynamic thrust Is used, this relation substantially 
remains intact In this relation, the penetration force per 
unit of penetration amount, that. dF/du is referred to as 

20 penetration resistance. 

[0034] If the penetration resistance of the object 7 
to the bit 13 is equal in magnitude to the specific imped- 
ance Z of the rod 12. R = (Z-Z)/{Z+Z) = 0 , in other 
words, the reflection is 0. More speciflcally, all energy is 

25 transmitted to the object 7, and the load on the leading 
end of the bit 13 at this time is equal to f. To be more 
specific, at the leading end of the bit 13, only when the 
penetration resistance is equal to the resistance while a 
shock wave is transmitted through the rod 12. 100% of 

30 energy is transmitted to the object 7. Or othenwise, 
100% of energy is not transmitted. When the penetra- 
tion resistance is smaller than the above-mentioned 
reflectionless impedance, the remainder of energy is 
reflected as a tensile stress wave, and when the pene- 

35 tration resistance is larger than the reflectionless Imped- 
ance, the remainder of energy is reflected as a 
compressive stress wave. 

[0035] When the shock wave reaches the leading 
end of the bit 13 In contact with the object 7 having a 

40 penetration resistance, the penetration of the bit 13 and 
the occun-ence of a reflected wave from tiie shock wave 
take place. As shown in Fig. 5, with a shock wave of an 
arbitrary waveform, the load f appears to be constant for 
a very short time At (several |is for example). Suppose 

45 that the penetrating bit 13 is, as shown in Rg. 4, at the 
position a in the relation between the penetration 
amount u and the penetration force F and that the pen- 
etration force at this time is Fq = <t> (Uq) . If the time At 
is small, the magnitude r of a reflected wave produced 

so at the bit 13 can be regarded approximately as 
r= Fq - f . The leading end of the bit 13 advances by 
mutual superposition of an incident wave and a 
reflected wave. The advancing speed of the bit 1 3 in this 
time At is V = (r-f)/Z from r - f = Zv , and therefore the 

55 advancing amount of the bit 13, that is, an increase Au 
in the penetration amount is obtained by Au = (r-f)At/Z . 
On completion of this penetration, the magnitude of the 
penetration force has increased from Fq = 4> (Uq) to 
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=4>(Uo + Au), 
[0036] By repeatedly performing the above proce- 
dure, with regard to an arbitrary incident wave, It is pos- 
sible to know how the penetration annount and the 
penetration energy to an object 7 to be crushed, which 
has a penetration resistance, change with passage of 
time. 

[0037] From the above observation, it can be seen 
that to malce the bit 13 penetrate Into an object 7 like a 
rock with energy, such as a shock wave, it is necessary 
for the displacement speed v higher than a certain 
speed to be continued for a certain period of time from 
the above-mentioned relations, such as f = Zv. 
A u = vAt . 

[0038] The physical properties of objects 7 to be 
crushed, such as a rock, are diverse and therefore they 
have various levels of penetration resistance are vari- 
ous. To ensure a penetration amount over a certain 
amount and limit required power to a certain value or 
less, t)ecause strain by magnetostriction is proportional 
to the strength of a magnetic field, in other words, the 
magnitude of an exciting current and the temporal 
change rate of strain is equal to displacement speed v, 
as shown In Fig. 6, a pulse vottage is repeatedly applied 
to the exciting coil 4 from a power unit 6 such that the 
exciting current of the exciting coil increases with pas- 
sage of a voltage-applied time and after reaching a 
desired maximum value, suddenly falls to zero. By this 
arrangement, a desired displacement and a desired dis- 
placement speed can be achieved in defomnation of a 
super magnetostrictive material 1 by magnetostriction. 
The pulse width at this time is suitably selected form a 
range of several tens of [is up to several hundreds of \is, 
and the pulse interval is suitably selected from a range 
of several ms up to several hundreds of ms. 
[0039] When carrying out penetration of the bit 13, 
the leading end of the bit 13 is preferably in contact with 
the object 7. If the leading end of the bit 13 is not in con- 
tact with the object 7, a Shockwave incident on the lead- 
ing end of the bit 1 3 raturns as a tensile stress wave into 
the rod 12, so that the energy cannot be effectively 
transmitted to the object 7. For this reason, it is required 
to have the whole rod 12 staticalty pressed against the 
object 7. 

[0040] As shown In Rg. 7. if a pulse voltage is 
applied to the exciting coil 4 in such a way that the excit- 
ing current of the exerting coll 4, as it rises In a pulse 
waveform, increases with passage of a vottage-appiied 
time, and after reaching a desired maximum value, 
while the exciting current maintains the maximum value 
for a fixed period of time, the super magnetostrictive 
material 1 1s prolonged, making it possible forthe rod 12 
to be pressed against the object 7, so that an instanta- 
neous thrust deficiency, which the thrust unit is unable 
to deal with, can be compensated. The time in which a 
fixed value Is maintained may be suitably selected for a 
range of several tens of ms. 

[0041] To make effective use of a shock wave for 



penetration work into the object 7, it is important to min- 
imize the occun-ence of a reflected wave. More specifi- 
cally, to reduce the magnitude r of a reflected wave to 
zero, It is required to keep f = - F (the -sign indicates a 

5 compressive stress wave) from r = -F - f = 0 . 

[0042] With an object 7 for which assumption can 
be made that F = 4>(u) = ku, we can derive 
dF = -df = kdu = {k/Z)fdt from v = du/dt = -f/Z . If 
f = fjje^*^. no reflected wave occurs. If the fact that 

10 the initial fo necessary for the initial penetration and the 
penetration resistance of the object 7 to be crushed are 
not necessarily expressed correctly as F = ku is taken 
into account, when a pulse voltage is applied to the 
exciting coil so that the exciting current of the exciting 

IS coil increases in proportion to an etapsed time squared 
(i = at^) or approximately as a logarithmic function of 
an elapsed time (i ae^) during passage of a voltage- 
applied time from the initial current value at rising of a 
pulse waveform up to the maximum value as shown In 

20 Rgs. 8 and 9, the occurrence of a reflected wave can be 
minimized. 

[0043] If a detection coil 8 Is provided adjacent to 
the exciting coil 4, when a reflected wave returns from 
the rod 12 to the super magnetostrictive material 1 , by 

25 measuring changes in current or voltage produced by 
magnetostriction witii the detection coil 8 to detect a 
waveform of the reflected wave with a detection unit 9 
and by increasing or decreasing the magnitude of an 
incident wave in the penetration process of the bit 13 

30 into the object 7 acconJing to the reflected wave, 
reflected waves can be reduced, maldng it possible to 
improve the penetration efficiency and reduce vibrations 
or reactions. 

[0044] To supply the exciting coil 4 with a pulse volt- 
35 age as mentioned above, a special wave form output 
power unit 36 including a transformer 32, a diode recti- 
fier 33, a high-frequency inverter 34 and a filter 35 
shown In Fig. 10, capable of transforming an AC input 
31 into the form of a special-waveform pulse is used as 
40 the power unit 6. The special waveform output power 
unit 36 controls an applied voltage so as to obtain a 
pulse current of a desired waveform according to Induct- 
ance of the electric circuits and detection results by the 
detection unit 9 with respect to the wavefomn of a 
45 reflected shock wave. 

INDUSTRIAL APPLICABILITY 

[0045] As is obvious from the above description, the 
50 impacting device according to the present invention 
directiy converts electric energy into strain energy and 
therefore has a high energy efficiency and does not 
require hydraulic equipment hydraulic piping and com- 
plicated mechanical devices, such as a hydraulic strik- 
55 ing mechanism, this impacting device can simplify the 
impact machine. 

[0046] it becomes possible to operate the impact 
machine at high speed by electric pulse and more easily 
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produce high output than in the mechanical piston strik- 
ing operation. Being capable of easy production of a 
desired impact waveform, this impacting device 
improves penetration efTiciency and crushing efficiency. 
[0047] This impact machine measures a reflected 
wave by deformation of the super magnetostrictive 
material, and reflects detection results in the output 
waveform, malcing it possible to reduce reflected waves, 
Improve penetration efficiency and decrease vibrations 
and reactions. Above all, because striking noise is elim- 
inated, it is possible to provide a quiet, high-durability 
impact machine. 

Claims 

1 . An impacting device comprising: 



tive material, said detection unit detects a waveform 
of the reflected wave by measuring changes in cur- 
rent or voltage by magnetostriction with said detec- 
tion coil. 

5 

6. An impacting device according to Claim 4, further 
comprising a detection unit having a detection coil 
provided adjacent to said exciting coil, wherein 
when a reflected wave returns from said Impact- 
10 transmitting tool to said super magnetostrictive 
material, said detection unit detects a wavefomi of 
the reflected wave by measuring changes in cun-ent 
or voltage by magnetostriction with said detection 
coll. 

75 



an exciting coll actuated by application of a 
pulse voltage; 

a super magnetostrictive material anBnged In 20 
the center of said exciting coil; 
an Irnpact-transmitting tool in tight contact with 
a leading end of said super magnetostrictive 
material; and 

a reaction-receiving plate In tight contact with 2S 
the opposite end of said super magnetostrictive 
material. 



2. An impacting device according to Claim 1 , further 
comprising a power unit for repeatedly applying to 30 
said exciting coil a pulse voltage such that an excit- 
ing current of said exciting coil increases with pas- 
sage of a voltage-applied time, and after reaching a 
desired maximum value, suddenly falls to zero. 

35 

3. An impacting device according to Claim 1, further 
comprising a power unit for repeatedly applying to 
said exciting coil a pulse voltage such that an exit- 
ing current of said exciting coll Increases with pas- 
sage of a voltage-applied time, and after reaching a 40 
desired maximum value, maintains a maximum 
value for a specified time and then suddenly falls to 
zero. 



4. An impacting device according to Claim 1, 2 or 3, 45 
further comprising a power unit for repeatedly 
applying to said exciting coil a putse voltage such 
that an exciting current of said exciting coll 
Increases In proportion to an elapsed time squared 
or approximately as a togarithmb function during so 
passage of a voltage-applied time from the initial 
value to the maximum value. 



5. An impacting device according to Claim 1, i2 or 3, 
further comprising a detection unit having a detec- ss 
tion coll provided adjacent to said exciting coil, 
wherein when a reflected wave retums from said^ 
impact-transmitting tool to said super magnetostric- 
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